Objective To evaluate the contribution of serious mental illness (SMI) and specific risk factors (comorbidities and substance use) to the risk of adverse birth outcomes. Study design This cross-sectional study uses maternal delivery records in the Healthcare Cost and Utilization Project Nationwide/National Inpatient Sample (HCUP-NIS) to estimate risk factor prevalence and relative risk of adverse birth outcomes (e.g., preeclampsia, preterm birth, and fetal distress) in women with SMI.
Introduction
Research shows that serious mental illness (SMI) is associated with an increased risk of a variety of adverse maternal and fetal outcomes [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . Most of these studies, however, focus on a single adverse outcome or do not adjust for other comorbid medical conditions. It is known that patients with SMI have a higher prevalence of obesity [14] ; diabetes [14] ; thyroid dysfunction [15] ; epilepsy [16] ; anemia [2] ; substance use disorders [17] ; and viral [18] , parasitic, and bacterial infections [19] . When present during pregnancy, these comorbid conditions may be independently associated with adverse maternal and fetal outcomes [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] . Thus there is a need for a comprehensive estimate of the risk of adverse birth outcomes associated with SMI, while controlling for these potentially modifiable conditions.
In this study, we provide an estimate of the association between SMI (major depressive disorder (MDD), bipolar disorder (BD), and/or schizophrenia) and a broad range of adverse gestational, obstetric, and fetal outcomes on maternal records in a national database of U.S. hospital discharges. We add to the existing literature by additionally providing an estimate of how much of any elevated risk is attributable to medical comorbidity or substance use. Finally, we explore the association between hospital charges, length of stay, and the presence of maternal SMI.
Methods

Study data
For this cross-sectional study, we used data from the Healthcare Cost and Utilization Project-Nationwide and National Inpatient Sample (HCUP-NIS) from 2008 to 2014. The HCUP-NIS is a nationally representative sample of all inpatient hospitalizations in community hospitals in the United States. Patient records are included regardless of payer, making the HCUP-NIS the largest all-payer database publicly available in the United States. Prior to 2012, the HCUP-NIS dataset contained all discharge records from approximately 20% of participating hospitals, whereas beginning in 2012, it contains approximately 20% of discharge records from all participating hospitals. The HCUP-NIS is based on data collected by state partners (listed at https://www.hcup-us.ahrq.gov/partners.jsp) and overseen by the Agency for Healthcare Research and Quality, a division of the U.S. Department of Health and Human Services. Each record in this database represents a unique admission and includes information on diagnoses, procedures, patient characteristics (age, insurance type, income quartile of zip code, hospital admission via emergency department, elective admission, weekend admission), and hospital characteristics (urban/rural location, U.S. region).
The HCUP-NIS captures the vast majority of births in the United States, as only 1.5% of births in 2014 were out-ofhospital births [32] . Note that the design of the HCUP-NIS is such that there is no method to link maternal and child records. Thus we focused on diagnoses recorded on the maternal record only.
Following previous publications [33] , hospital stays with a childbirth event were identified using International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) diagnostic codes related to delivery (650, V27), ICD-9-CM procedure codes (72, 73. 22 Several states did not supply information on race (10.7% of values were missing); these cases were therefore included in the "others/unknown" race category. Other control variables were missing in 1.8% (income), 0.8% (urban/rural location), 0.4% (elective admission), 0.2% (payer), and 0% (U.S. region, weekend admission, emergency department admission, admission year) of the subpopulation of women (≥10 years) with a hospital delivery. Maternal age was missing for 0.1% of all women with a hospital stay for a delivery; these deliveries were excluded from the analyses.
SMI diagnosis
Mothers with SMI were identified using ICD-9-CM diagnosis codes indicating schizophrenia (295), BD (296.0-296.1, 296.4-296.9), or MDD (296.2, 296.3). The term "any SMI" in our study indicates a diagnosis of schizophrenia, BD, and/or MDD. Sensitivity analyses consisted of defining a broader definition of SMI by including psychosis diagnoses (ICD-9-CM diagnosis codes 297, 298, in addition to 295), as well as a more stringent definition by excluding SMI in partial or full remission (xxx.x5 and xxx.x6 for MDD and BD, and xxx.x5 for schizophrenia).
Adverse outcomes and risk factors
Adverse outcomes were divided into three composite categories: gestational outcomes (e.g., preeclampsia), obstetric outcomes (e.g., preterm labor), and fetal outcomes (e.g., poor fetal growth). Cesarean deliveries were considered separately from obstetric outcomes as the prevalence is affected by voluntary or involuntary decision-making processes that could be affected by SMI status. From these three composite categories, several outcomes were selected a priori to analyze and present in more detail. All specific ICD-9-CM diagnostic codes that were used to identify hospital discharges with these diagnoses are listed in Appendix Tables 1-3 .
Risk factors were classified as medical comorbidities (anemia, malposition/malpresentation of the fetus, diabetes, viral/bacterial/parasitic infection, obesity, thyroid dysfunction, epilepsy) or substance use (illicit drug use, alcohol use, and tobacco use). These risk factors were selected based on clinical relevance and inclusion in prior studies that report on multiple adverse birth outcomes, though to our knowledge, no prior study has controlled for a comprehensive set of risk factors simultaneously [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . The specific ICD-9-CM diagnostic codes that were used to identify hospital discharges with these risk factors are listed in Appendix Table 4 .
Total hospital charges and length of stay
To measure the impact of maternal SMI on hospital resource use, total charges, and length of stay were compared between women with and without SMI. Total charges for each hospital visit from all years were normalized to 2014 U.S. dollars using the Consumer Price Index published by the U.S. Bureau of Labor Statistics. The length of stay was based on the difference between discharge date and admission date. Same-day discharges are assigned a value of 1 day, overnight stays equal ≥2 days. The total extra charges for maternal hospital stays associated with deliveries by women with SMI in the U.S. were calculated by multiplying the average extra charges ($3104 in 2014 U. S.$) for women with any SMI by the total number of women with any SMI (208,879); dividing this outcome by 7 years yields a yearly average of charges for years 2008-2014.
Statistical analyses
Two-tailed Student's t tests were used to compare baseline differences in patient/hospital characteristics and in prevalence of risk factors in women with and without SMI. We then analyzed differences in adverse birth outcomes between these two groups. To adjust for potentially confounding differences, we ran multivariable logistic regressions that adjust for covariates: race, maternal age, insurance coverage (private insurance, Medicaid, or other), urban/rural hospital location, U.S. region, weekend, emergency department or elective admission, income, and admission year and other SMI diagnosis (MDD, BD, or schizophrenia). Year-fixed effects were included to adjust for time trends, and age was modeled as a quadratic term to allow for an increasing risk of adverse outcomes at older ages. The multivariable logistic regression results were used to calculate the adjusted relative risk (RR) to analyze the associations between maternal SMI and adverse gestational, obstetric, and fetal outcomes. Ordinary least squares regression was used to analyze the association between maternal SMI and hospital charges and length of stay, using similar adjustments to control for covariates. Survey prefix commands were used in Stata (version 14.0; StataCorp LLC) to account for the survey weights in accordance with guidance provided by HCUP. To allow for analyzing data across years despite different HCUP sampling strategies, "trend weights" were used instead of "discharge weights" for records prior to 2012, both of which were supplied by HCUP. The primary sampling unit was the hospital ID; the strata consist of a combination of "NIS stratum" and year. To allow for accurate standard error analysis of subsets of the data, all non-delivery hospital records were removed from the dataset, and all unique strata from the HCUP hospital files were subsequently added back with zero values for analytical variables, including weights, according to HCUP Methods Series protocols.
We tested our primary hypothesis that rates of adverse outcomes are higher among pregnant women with SMI, all else equal, using logistic regression models. Our secondary hypothesis that part of this elevated rate is attributable to medical comorbidity and substance use among women with SMI was tested by adding these risk factors as covariates to our models and testing the change in RR associated with SMI (using the technique Seemingly Unrelated Estimation [34] implemented with the "suest" command in Stata). The association with SMI should be partially or fully mitigated in models with risk factors included if our secondary hypothesis is correct. Results were considered significant at P < .05.
The study was approved by the University of Southern California Institutional Review Board. Table 1 and Appendix Table 5 report the patient and hospital characteristics of our sample of hospital deliveries by women with any SMI and with a specific SMI diagnosis, respectively. After applying inclusion and exclusion criteria, our sample includes 5,518,766 women aged >10 years who gave birth at a hospital in the 20% sample, 43,027 (0.8%) of whom have a diagnosis of SMI. Among women with SMI, the majority have a diagnosis of BD (80.8%) ( Table 1) , consistent with past studies of SMI in pregnant women using administrative databases [1] . Over a third of women with schizophrenia in this sample also have a diagnosis of BD (35.6%); women diagnosed with BD or MDD are relatively less likely to have a concurrent diagnosis of another type of SMI (Appendix Table 5 ).
Results
Patient and hospital characteristics
Women with a diagnosis of any SMI on their delivery record are more likely to be younger, white or black, be in the lowest two income quartiles, be admitted through the emergency department, have a longer length of stay, and have higher hospital charges than women without SMI. They are less likely to have an elective admission, or to be covered by private insurance ( Table 1) . The difference in the distribution of women with and without SMI by race or ethnicity is dependent on the specific SMI diagnosis. Most notably, white women are overrepresented in the sample with BD, and black women are overrepresented in the sample with schizophrenia relative to their distribution in the population with no SMI diagnosis (Appendix Table 5 ). These differences have been observed in the general population before and are likely due to differential presentation of symptomology, access to and participation in mental health care, and bias in diagnostic procedures for people of different race or ethnicity [35] .
Risk factor prevalence
Medical comorbidities and substance use are more prevalent among women with SMI than women without SMI at the time of delivery ( Fig. 1 and Appendix 3) are the three most prevalent medical conditions in women with SMI; in women without SMI, anemia is most prevalent, followed by malposition/presentation of the fetus (7.5%, 95% CI 7.4-7.5) and diabetes (7.2%, 95% CI 7.1-7.3). Additionally, the prevalence rates of all ten assessed medical and substance use risk factors are significantly increased in women with MDD and BD compared to women without any SMI. For women with schizophrenia, however, the difference in prevalence of malposition/presentation of the fetus and thyroid dysfunction is not statistically significant (Appendix Table 4 ).
Adverse childbirth outcomes
After adjusting for hospital and patient characteristics, women with SMI have significantly higher RR for adverse gestational, obstetric, and fetal outcomes (collectively called "adverse birth outcomes"). After additionally adjusting for medical comorbidities and substance use (collectively Tables 6 and 7 for details). The pattern of a reduction of RR in the fully adjusted model is generally similar for most specific diagnoses embedded within these composite terms (e.g., preeclampsia, preterm birth, fetal distress) ( Table 2 ). In contrast, the risk of umbilical cord complications is slightly but significantly decreased for women with SMI compared to women without SMI (0.98, 95% CI 0.96-1.00). However, the association with SMI disappears when additionally controlling for the increased rates of cesarean sections in this population (RR 0.99, 95% CI 0.97-1.01; data not shown in table) . Substance use appears to explain adverse fetal and obstetric outcomes more so than gestational outcomes (Table 3 and Appendix Table 8 ). Further analysis does not yield large differences between substances (tobacco, drugs, or alcohol) (data not shown).
Additional analyses of specific diagnoses of SMI show that, for women with MDD and BD, the fully adjusted risk of gestational, obstetric, and fetal outcomes is significantly higher, whereas schizophrenia is associated with a higher risk of adverse gestational outcomes only (Appendix Table 9 ).
RR values after regression analyses for all three composite categories of adverse outcomes including the risk factors and other adjustments are listed in Appendix Table 10 . Appendix Tables 1-4 contain the prevalence rates for adverse outcome and risk factor subcategories.
Length of stay and hospital charges
In addition to higher prevalence of risk factors and adverse birth outcomes, a maternal SMI diagnosis during delivery is also associated with increased hospital charges ($3104, 95% CI 2801-3407) and length of stay (0.6 days, 95% CI 0.5-0.6; Table 4 and Appendix Table 11 ). Women with SMI have a hospital delivery stay of 4.2 days on average, compared to 3.6 days for women without SMI. Higher charges are mostly explained by length of stay, however, as the average charges per day are only slightly higher ($179, 95% CI 134-225)) for women with SMI. Higher rates of cesarean sections among women with SMI did not substantially explain the increased charges or length of stay (data not shown).
Discussion
Women with a diagnosis of SMI have a 7%, 15%, and 24% higher risk of adverse gestational, obstetric, and fetal outcomes, respectively. Some of the elevated risk comes from the fact that medical comorbidities and substance use are more prevalent in women with SMI; adjusting for these risk factors reduces the elevated risk by approximately 50%. For a few specific adverse birth outcomes, the elevated risk among women with specific SMI diagnoses is completely negated after adjustment for medical comorbidities and substance use.
Our findings of associations between SMI and adverse birth outcomes are broadly consistent with the results of previous studies [1-3, 6-9, 11, 12, 36-38] , although some of these reports show no association for combinations Fig. 1 Prevalence of risk factors (medical comorbidities and substance use) for adverse birth outcomes in women with serious mental illness (SMI) during delivery hospital stays between specific disorders and adverse outcomes that are observed in our study. The associations between MDD and chorioamnionitis and MDD and placental complications (antepartum hemorrhage, abruptio placentae, and placenta previa) have not been reported before. Likewise, no associations have been indicated previously between BD and amniotic complications (oligohydramnios and polyhydramnios) and between BD and cervical complications (predominantly cervical shortening).
The elevated rate of adverse outcomes has lifelong implications for children of mothers with SMI. One of the most prevalent adverse outcomes, preterm birth, has been associated with long-term health issues, such as visual, hearing, speech, neuromotor, cognitive, and behavioral impairments, and cerebral palsy [39] . Fetal distress during birth increases the risk of cardiovascular disorders, neurological deficits, limited mobility, and cerebral palsy [40] [41] [42] . Another adverse outcome, intrauterine growth restriction, has been associated with growth retardation, neurodevelopmental deficits, metabolic syndrome, and cardiovascular disease in later life [43] . Many other adverse outcomes assessed in this study (e.g., preeclampsia, placental complications, and cervical complications) could also indirectly lead to adverse outcomes due to increased risk of preterm birth and/or intrauterine growth restriction [44] [45] [46] .
We also found that a diagnosis of SMI is associated with increased length of stay and hospital charges. Increased length of stay and hospital charges have been demonstrated previously for women with a broader diagnosis of depression [2, 47] but not for SMI, which is defined in this study and previous studies as MDD, BD, or schizophrenia. When incremental costs were aggregated on a national level, the contribution of SMI to the extra maternal hospital charges amount to more than $92 million (in 2014 U.S.$) on average per year between 2008 and 2014. This is in addition to extra costs associated with antenatal care and long-term effects of adverse birth outcomes.
The current study design has several limitations. The chief limitation arises from using data limited to maternal hospital discharge records. Because women and newborn children cannot be followed longitudinally or linked together due to the lack of personal identifiers, no information is available on the course or timing of onset of maternal SMI, diagnostic codes present on the newborn record, or on prescription medication use for maternal SMI. Psychotropic medication use is associated with adverse birth outcomes, although many studies have not sufficiently controlled for SMI symptom severity, medical comorbidities, and/or substance use. The benefits of continuing medication during pregnancy to prevent relapse of symptoms is generally preferred over the potential negative effects of these drugs on the fetus, and there are types of psychotropic medication that are less harmful than others [48, 49] . Thus it is possible that women in our sample have used psychotropic or other medication during pregnancy, and estimates should be interpreted as reflecting differences in risk factors and adverse birth outcomes given the underlying average psychiatric medication use of SMI patients in our sample. Additional information on personal and family characteristics and prenatal care is also unavailable in our dataset. The quality of the data further differs by state; some states in the HCUP-NIS dataset do not disclose race/ethnicity and/ or illicit drug use. Nevertheless, the size and comprehensive nature of this nationally representative dataset make it uniquely suited to analyze adverse outcomes in a relatively rare study population (pregnant women with SMI).
Another limitation of the data is that apparent (i.e., more severe) cases of SMI are more likely to be coded, resulting in an overestimation of the impact of SMI on adverse outcomes. The prevalence of SMI diagnoses in our sample (MDD, 0.11%; BD, 0.63%; schizophrenia, 0.07%; any SMI, 0.78%) is low compared to national estimates of SMI prevalence among women of childbearing age but consistent with other studies of maternal hospital records [50] . Although fertility rates are lower in women with mood disorders [51] and schizophrenia [52] , it is more likely due to clinicians not being aware of SMI symptoms or placing Preeclampsia, cervical complications, placental complications, amniotic complications, maternal complication during in utero procedure, hemorrhage in early pregnancy (<20 weeks), spotting, uterine size date discrepancy, late pregnancy little value on coding these mental health conditions in hospital records during a delivery. Under-coding may lead to underestimating prevalence of associated risks and missing a well-defined patient group that would benefit from more intensive risk factor mitigation strategies, such as aggressive medical management, substance use counseling when appropriate, and enhanced prenatal monitoring.
In conclusion, our results show that a significant part of the association between SMI and adverse outcomes is explained by potentially modifiable conditions; managing these risk factors before and during pregnancy and delivery, as well as increasing awareness of maternal SMI, is instrumental in reducing the higher risk of adverse health outcomes with associated sequelae.
Funding sources Our study was partially supported by an unrestricted gift to the Leonard D. Schaeffer Center for Health Policy and Economics from Alkermes (HH-J and SAS). AL is supported by grant KL2TR001854 from the National Center for Advancing Translational Science (NCATS) of the U.S. National Institute of Health. The content of this manuscript is solely the responsibility of the authors and does not necessarily represent the official views of the funding sources. The funding sources had no role in the design and conduct of the study; collection, management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and decision to submit the manuscript for publication. 
